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introduction
There are several ways to perform quality control on a reinforced concrete work, such as project management, molds, shoring, and one of the essential aspects for this control lies in monitoring the effectiveness of the concrete material, once the steel has an extremely strict control in its manufacture. In most countries, the current technological control of reinforced concrete works is based almost exclusively on the testing of axial compression strength in concrete specimens, cubic or cylindrical, which are usually casted upon receipt of the concrete at the construction site prior to launching into the molds. This type of test, standardized in Brazil by ABNT NBR 5739:2007 [1] requires appropriate equipments and trained manpower, available at registered civil engineering laboratories. Only then this strength parameter is obtained to determine the efficiency of structural elements. However, this testing disadvantage is the fact that the laboratories specialized for its implementation are often distant from the construction sites, as well as the need for controlling a number of factors such as molding, storing, capping and specimen loading velocity. Besides these facts, the axial compression strength test is done on a single material, the concrete, ignoring the bond between the steel and the concrete, essential condition for the existence of reinforced concrete. The steel already has a strict control on its manufacture, thus the need for mechanical strength testing is ignored in a work site. Being aware of the importance and usefulness of the traditional test to determine the compression strength of concrete, a group of researchers led by Professor 3 Michel LORRAIN from INSA -Toulouse, has been analyzing the possibility of employing a bond test steel -concrete adapted to the construction site to estimate the concrete compression strength, due to experimental drawbacks obtained when performing these traditional tests. This group has been working on the optimization of a new testing method featured by its simplicity and low cost, based on bond test steel-concrete pull-out-test, recommended by RILEM RC6: 1983 [2]. The method proposed by Lorrain and Barbosa (2008) [3] received the designation of APULOT (Appropriate pull-out test) and since its inception it has been tested in laboratories from various domestic and foreign universities (such as Ilha Solteira UNESP , UFRG, PUC -Campinas, INSA Toulouse, etc.), presenting good results and adequate capacity of estimated compression strength. Some tests performed on construction sites have also obtained satisfactory results. The advantages of the proposed method reflect on the simplicity of its implementation, the reduction of the recommended time to perform the test, from 28 days to 7 days or even 3 days, besides the possibility of measuring not only strength but also the behavior of steel -concrete bonding, prime factor for the suitable performance of reinforced concrete structures. This research, in the context presented, aims to contribute to the study of viability of the APULOT bond test as proposal of technological control and safety of reinforced concrete works, operating with a new range of concrete: the concrete with additions of residues. The search for alternative materials such as porcelain from electrical insulators, rubber tires, demolition waste, etc... that can be used in concrete, reducing the use of natural materials extracted from nature, such as river sand (fine aggregate) and crushed rock or boulder (aggregate coarse), has been growing in Brazil and the use of this concrete structural elements must be assessed in all its aspects, including its bonding to the steel bars.
Experimental tests were conducted to determine the compression strength of concrete with the addition of rubber fibers, both in the traditional method according NBR 5735:2007[4] , and in the proposed new method, obtaining the compression strength from the APULOT test results.
Explanation
The main point of interest of this study is that the compression strength of the concrete is determining upon the behavior of steel--concrete bond. The hypothesis of the APULOT project is that if the test is conducted under controlled conditions and standardized, this relation becomes even more evident and robust, allowing an estimate of maximum compression strength of bonding. Added to this fact, evaluating the behavior of concrete incorporating residues in the partial or total replacement of conventional aggregates is justified by the need to review this new type of concrete for structural purposes.
The technological control of reinforced concrete
The quality of a product can be understood as the ability to meet certain requirements under the conditions of use foreseen. Thus, the quality control covers a set of operational techniques and activities undertaken, whose purpose is to ensure that the final product meets the pre-determined standards (Brandão, 1998) [5]. Quality control of a concrete structure is a wide and complex process, because it covers several variables ranging from planning, control of employee services to issues related with durability and lifespan of the structure. Among these variables, the part of technological control applied in materials used in civil works, more specifically steel and concrete, is what most straightly interests for this work.
In the decades of 50 and 60, the evolving knowledge of concrete technology has treated concrete strength as a random magnitude, of normal distribution (Gaussian) of values and also as part of the structural variables. Fusco (2011) [6] states that this methodology has grown due to the advances in researches on structural calculation under breaking regime and the probability of structural variables. for purposes of structural design of reinforced and prestressed concrete, from the compression strength it is possible to determine the modulus of elasticity and the tensile strength and even the bond stress for the anchoring of armors. According to Silva Filho and Helene (2011) [12] although the most recent norms and recommendations worldwide suggest to increase the number of parameters for quality control of concrete works, it is still traditional in Brazil to establish this control specifically on the compression strength of cylindrical specimens, molded during concreting.
Relation between steel-concrete bond with concrete compression strength
According to Fusco (1995) [13] the principle of structural concrete is the mutual action between steel-concrete which must comply with conditions allowing each one of them to reach the limits of their resisting capabilities without harming or being harmed by forces acting on one or other separated material. Being concrete a brittle material and of low resistance to tensile, and the steel being ductile and of high tensile strength, one material complements the other, thus forming reinforced or prestressed concrete, provided the condition of adhesion between the materials is met.
In the literature, several types of tests are found of assays for determining the bond stress between the steel bars and concrete and stress versus displacement curve. One of the most known and used, due to its efficiency, is the pull-out test (POT) which has its recommended guidelines in RILEM RC6: 1983 [2] and ASTM C234: 1996 [14] . A research conducted by Abrams (1913) [15] using pull-out bond tests found the influence of some variables inherent to the test response. Among these variables, the effect of mechanical strengths showed, no more than 100 years ago, there is a strong correlation between the compression strength of concrete and the maximum strength of steel-concrete bond. (1)
Where : τ u = Ultimate Bond Stress ; F= pull out force; φ = bar diameter; L = Anchorage length. The relationship between the bond stress and concrete compression strength is not explained in this equation. The proposal to relate the two parameters through a straight line, constructed empirically, was given in Lorrain and Barbosa (2008) [3] 
APULOT test method
The main point of interest in the topic of this research is that the resistance of reinforced concrete is a key aspect for the bonding behavior. The principal concept of APULOT test is that if the bond test steel-concrete is conducted at controlled and standardized conditions this relationship becomes even more evident and robust, thus allowing the estimation of the concrete compression strength from the maximum bond strength data. The APULOT test philosophy is to perform the reinforced concrete quality control from appropriate steel-concrete bond testing in the construction site, i.e., ascertain the compliance of the concrete compression strength "in situ" by means of bond strength through Steel and concrete bond stress: a contribution to the study of APULOT tests using concrete with rubber addition correlation between these respective strengths, proposed by Lorrain et al. [17] . The method is based on the principle of the POT (Pull out of a steel bar inserted into a concrete specimen) , however a PET bottle is used as mold, with the most homogeneous format possible in anchorage length, and a hydraulic jack, which is an equipment easily found in the working site. Figure 1 presents the APULOT test scheme. 
Steel and concrete bond stress with rubber addition
One of the researches conducted in Brazil on steel and concrete bond stress, using concrete with tire rubber residues was made by França (2004) [18] [19] observed that the residues called rubber fibers may act as obstacles against crack development, when they intersect micro cracks which appear during the hardening of concrete, preventing its progression. Yet Yunping XI et al. (2004) [20] found that the concrete with rubber holds unique features with potential for using in several applications. According to Jacintho et al.(2010) [21] the concrete with rubber can be used in the manufacture of precast floor parts as an alternative for contributing to decrease the disposal of this material in landfills and to preserve non-renewable natural resources .
materials and experimental program
The materials used in the experimental program of this research are from the Metropolitan Region of Campinas.
The experimental results regarding the particle size of the aggregates (rubber, sand and gravel) are shown in Tables 1, 2 and 3 and  in The rubber used in this study can be seen in Figure 6 . Initially, the concrete with rubber was studied in the proportion of 15% and 20%. A conventional concrete was made as a reference for comparing results. The fibers were added to the concrete with reference to the consumption of cement, not replacing anything concerning the reference concrete.
The specimens for testing compression strength, tensile strength by diametrical compression, and modulus of elasticity were cylindrical specimens of 10cm x 20cm and the specimens used in the tests of flexural tensile strength were prismatic ones measuring 15cm x 15cm x 50cm. The results obtained from tests for axial compression strength, tensile strength by diametrical compression, flexural tensile strength and modulus of elasticity can be seen in Table 4 . The graphs with average values in the tests cited in Table 4 can be seen in Figures 7-10 . The characteristics of the steel found in this research were: yield stress f y = 583.0 MPa and rupture f u = 708.3 MPa. The diameter of the bars used was 8mm.
Analysis of results of mechanical characteristics of concrete
Through the graphs shown in Figures 7 to 10 and the average Figure 6 -Rubber ground in thin strips used as addition in concrete Table 4 , it is observed a decrease in the values of the resistances and modulus of elasticity of concrete containing rubber when compared with the reference concrete, also observed by França [18] in different proportions from the ones assessed here. Table 5 presents, briefly, in percentage, the decrease in the values of concrete strength in this research.
Pull out tests and procedures
After the initial tests of concrete strength, it was decided to make pullout tests with a percentage of rubber addition at the rate of 10%, for the fall in resistance has been accentuated for the 20% proportion of addition. Also because the 15% results have not eased this fall. The purpose was to try to get results of bond stress closer to the work performed by Granzotto [25] and by Jacintho et al [21] . This way, four concreting and four castings were made: one for the reference concrete, one for concrete with 10% of rubber addition, one for 15% and one for concrete with 20% rubber addition. After molding, the specimens and PET bottles models were immersed in water, in the next day for hydration. One day before each test they were removed from the hydration, in order not to be tested in the saturated condition. The anchorage length used for bars of 8mm diameter was 11 cm and was calculated using Equation 4, assuming the considerations of Equation 3, however using the steel rupture stress. This stress was chosen because the features of concrete with rubber have not been fully demonstrated, the bond length should be larger than the conventional one, since the concrete with rubber has less resistance than the usual concrete.
Tests with 7 and 14 days of age were performed to test cylindrical specimens measuring 10x20cm and tests with 14 days of age for models of molded PET bottles. At 7 days results for compressive strength of concrete and modulus of elasticity were obtained. At 14 days the pullout tests of APULOT bars (figure 11) were performed and the following mechanical characteristics of concrete were also obtained: compression strength (Figure 12 ), tensile strength by diametral compression ( Figure 13 ) and modulus of elasticity ( Figure 14 ).
Results and partial discussion
The test results of compression strength, tensile strength by diametrical compression and modulus of elasticity can be seen in Table 6. Table 7 presents the results of the pullout tests. For all the tests 8mm diameter bars and 11cm long anchorage were used 5 models were tested for each series of concrete, but some results were discarded for being very discrepant. For the series of reference concrete, a result was discarded, for the series of concrete added with 10% of rubber, 2 results were discarded and for the series of concrete with 20% rubber the result was not considered. Steel and concrete bond stress: a contribution to the study of APULOT tests using concrete with rubber addition show graphs of bond stress X sliding obtained from tests. Note that the higher the amount of rubber added to concrete, the lower the ultimate bond stress, however the branches of post-stress curves are shown flatter with respect to its slope. With the addition of 10% rubber, the loss of ultimate bond stress was not very sharp. This is due to the fact that the concrete with this amount of rubber had no significant loss in compression strength. On the contrary, its resistance ended up higher than the reference concrete. Even though the ultimate bond stress was lower than those found for the reference concrete. Yet for the concrete with 15% rubber addition it is noted that the bond curve approach to the concrete with 10%, with a slight fall.
When the addition of rubber into the concrete was 20%, the compression strength was smaller and the bond stress was ranked much lower levels, well below from the concrete with 10% and 15% addition. In figure 19 it is presented the correlation between the bond stresses and the compression strengths obtained in the tests, with a 
conclusions
The analysis of the correlation between the maximum bond stress and compression strength brings to conclusion that the APULOT bond test is adequate to estimate the compression strength of the concrete at all ages tested. With the analysis of correlations it is possible to conclude that the increase of the maximum bond stress is proportional to increase the compression strength of the concrete. A partial conclusion obtained in this work is classic in that the addition of rubber into the concrete causes a decrease in compression strength.
Steel and concrete bond stress: a contribution to the study of APULOT tests using concrete with rubber addition Another important conclusion was that the addition of the rubber into concrete also causes a decrease in the bond stress.
Therefore the values given for the calculation of the anchorage length for conventional concrete should be reviewed and increased so that when making the structural element using concrete with rubber, it was observed that for little additions into the concrete it can be performed. An indication obtained in this research is that the values of this length of anchorage are proportional to the amount of rubber added to the concrete. Meanwhile, to reach the equation correlating the anchorage length with the amount of rubber added to concrete, more researches need to be conducted for a wider range of amounts of rubber added to the concrete. 
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